fluids by using diethylaminoethyl-Sephadex ion-exchange chromatography to separate this protein from interfering components, including hemopexin, transferrin, hemoglobin, and haptogiobin/hemoglobin complex. Initial screening of the samples requires measurement of A280/A405 ratios of the peak tubes of the isolated albumin fraction. Values exceeding 30 indicate that methemalbumin is absent, and no further work is required. Values of less than 30 suggest that methemalbumin is present in the original sample, whereupon the presence and amount of methemalbumin can be ascertained by colorimetric assay for iron with use of ferrozine. Results may be expressed either in terms of micrograms of methemalbumin iron per gram of albumin or in milligrams of methemalbumin per liter. The reproducibility of the method is of the order of ±7% (SD 
Materials and Methods

Apparatus
For the colorimetric iron assay we used a doublebeam grating spectrophotometer (Model 124; Coleman Instruments, Oakville, Ill. 60521) set at Xmaz = 562 nm. The same instrument was used to monitor protein elution from the column at Xmaz= 280 nm, as well as heme elution at Xmaz = 405 nm.
The columns used to separate the methemalbumin were home-made glass columns (i.d., 1.27 cm; height, 8 cm) fitted with rubber stoppers at both ends, which in turn were connected to polyethylene tubing (i.d.,
cm).
A Model 17000 Minirack Fraction Collector (LKB Instruments, Inc.,Rockville,Md. 20852) was used to collect the column eluate.
To minimize contamination, disposable culture tubes and a sampler (Oxford Labs., Foster City, Calif. 94404) were used for all steps of the iron assay.
Reagents and Stock Solutions
Diet hylaminoet hyl-Sephadex (DEAE-Sephadex A-50-120;
Pharmacia
Fine Chemicals, Inc., Piscataway, N. J. 08854) was equilibrated with tris(hydroxymethyl)aminomethane HC1 (0.1 mol/liter, pH 9.0) containing NaCl (0.1 mol/liter) and subsequently degassed by submitting the gel to reduced pressure created with an aspirator. It was packed into a column (1.3 X 5.0 cm), which was connected in series to a gradient-elution apparatus. The initial volume of starting buffer in the mixing reservoir was 50 ml. Disodium 3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonic acid) -1,2,4-triazine ("ferrozine"; Hach Chemical Co., Ames, Iowa 50010), 80 mg, was dissolved in iron-free water and diluted to 100 ml.
Stock iron standard was prepared by dissolving 1.0 g of pure iron wire (Mallinckrodt) in 15 ml of concentrated HC1. This was diluted to 1 liter with ironfree water. One milliliter of this (equivalent to 1 mg of iron) was transferred quantitatively to a 500-ml volumetric flask, which was then filled to the mark with iron-free water to give a working standard with an iron concentration of 2 g/ml. Iron-free water: to previously reported procedures (16, 17) . To remove the last traces of unreacted heme remaining after dialysis of the reaction product, 370 mg of the lyophilized methemalbumin was dissolved in 10.0 ml of cold (0-4#{176}C) distilled water and applied to a column (2.2 X 38 cm) of Sephadex G-10 that had been pre-equilibrated overnight with iron-free water. The effluent was collected in 5-ml fractions at a flow rate of 36 ml/h for a period of 3 h. The unreacted heme remained on the upper third of the column. Fractions containing methemalbumin were pooled and lyophilized.
The absorption spectrum of the product (methemalbumin) in the pH To each of these tubes add 2-ml aliquots of supernate and 0.5 ml of the sodium acetate reagent, followed by 0.5 ml of ferrozine for the sample tube and 0.5 ml of water for the blank. Allow the color to develop for 15 mm and measure the absorbance of each sample tube vs. its own blank at 562 nm.
11. Take a reagent blank and standards through steps 7-10.
The overall methodology was checked by assaying normal sera, normal hemolyzed sera, normal sera with added methemalbumin, and normal sera with Methemalbumin does not appear in blood under normal conditions. Hemoglobin released during hemolysis has a high affinity for haptoglobin, and only after the capacity of haptoglobin to bind hemoglobin in blood is exceeded will free hemoglobin appear in serum. This is demonstrated graphically in Figure 1 , in which increasing amounts of hemoglobin have been added to normal serum and eluted from a Sephadex G-100 column. Small amounts of hemoglobin appear in the void volume (about 19 ml) as hemoglobmn/haptoglobin complex, and only after the haptoglobin binding capacity has been exceeded does the free hemoglobin appear in the 64 000 molecular weight range (at about 30 ml of total eluate). The peak at 38 ml corresponds to a molecular weight of about 32 000 and represents a free hemoglobin dimer, which results from application of the corresponding tetramer to Sephadex (18) . The tetramer and dimer are normally in equilibrium when hemoglobin is placed in solution, with the tetrameric form greatly favored, but the hemoglobin filters down the gel column and as existing dimer is left behind, more and more tetramer dissociates, eventually giving rise to a sizeable concentration of dimer.
In the event that proteinases have been released and allowed to come in contact with hemoglobin (4) (e.g., in hemorrhagic pancreatitis) some of the heme, is released from its protein component. The iron of such a heme moiety is oxidizedfrom Fe2+ to Fe3+ and the resulting heme then associates with either hemopexin, a globulin, or with albumin to form methemalbumin.
In patients with intravascular hemolysis, hemopexin is depleted rapidly and most of the heme is bound by albumin (19) . The eluting buffer, originally contaIning 0.1 ml of NaCI per liter, was replaced with0.4 mI/liter NaCI at the pointindicated by thearrow.A240-;
A605--
The normal catabolismof hemoglobin in the reticuloendothelial system involves scission of the por- Bilirubin is transported from extrahepatic reticuloendothelial cells to the liver in combination with albumin. In the event of massive hemolysis, bilirubin concentrations in blood can be expected to exceed normal.
Thus, in any spectrophotometric technique for measurement of methemalbumin, one must consider the following potential sources of interference: free hemoglobin, hemoglobin/haptoglobin complex, hemopexin, bilirubin, and-if iron measurements are 'involved in the assay system-other iron-containing compounds, such as transferrin.
After considerable experimentation, we decided that ion-exchange chromatography was a good way to separate methemalbumin (isoelectric point, 4.7) from methemoglobin (isoelectric point, 6.8) and transferrin (isoelectric point, 5.9). Figure 2 shows the separation of a mixture of 2.5 mg each of methemalbumin and methemoglobin applied to a DEAE-Sephadex A-50 column (1.3 X 13 cm). Methemoglobin is recovered first (10-25 ml of eluate), with methemalbumin eluting after initiation of the gradient, at a total elution volume of 45-52 ml, Analytical recovery, estimated from addition of known amounts of methemalbumin to normal serum, was about 99%. Separation of the hemoglobin/haptoglobin complex from methemalbumin on DEAE-Sephadex is more difficult and requires rigid pH control, but at pH 9 the separation is virtually complete (Figure 3 ). Transfer- from all other iron-containing compounds that may be anticipated in serum derived from an individual with hemolytic disease (Figure 4) .
There are also non-iron-containing compounds that absorb in the region 400-425 nm where hemecontaining compounds absorb maximally. Bilirubin is one such compound; its absorption band is broad (350-520 nm). If the A280/A405 ratio of the peak albumin-containing tube(s)
of a serum applied to DEAE-Sephadex and eluted as described is less than 30, the A405 contribution originates either from methemalbumin or from a non-iron-containing compound. For such samples, then, an iron determination must be done.
Determination of microgram quantities of iron is inherently difficult because many of the reagents, including water, tend to contain the metal. Furthermore, copper can interfere. For instance, erratic resultsin our laboratory in the determinationofiron in eluates from normal sera were traced to a copper rack used to support the test tubes in the 85 #{176}C water bath for step 8 of the procedure. The quantitative re- 
